The chromosomal DNA of spirochetes isolated from human, swine, dog, mouse, rat, and chicken intestine or feces was subjected to restriction enzyme analysis and hybridization with three different DNA probes, derived from a flagellin gene, a hemolysin gene, and the 16S rDNA sequence of the pathogenic swine intestinal spirochete Serpulina hyodysenteriae. This genetic analysis showed that intestinal spirochetes represent a heterogenous but related population of bacteria. In general, unique genotypes were distinguished among isolates from the same host species; they were not present among isolates from other host species. This suggests the host specificity of some strains. An exception to this are isolates from humans and dogs suffering from gastrointestinal disorders; these isolates showed highly similar or even identical genotypes. None of them resembled any of the genotypes of isolates found in other host species without apparent disease.
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The spirochete Serpulina hyodysentenae (formerly called Treponema hyodysenteriae) is the causative agent of swine dysentery, a mucohemorrhagic enteritis of the colon of swine (20, 38, 39) . Similar organisms have been found in the intestine of humans (26) and several animal species, including mice (24) , dogs (21, 31, 37, 42) , rats (6, 10) , and chickens (11) . An immunological (14) and genetic (7, 15) relationship between S. hyodysenteriae and spirochetes isolated from humans with gastrointestinal disorders has been reported, and it was suggested that domestic animals may be sources of spirochetes pathogenic for humans (7) .
Currently, the epidemiology of intestinal spirochetes is poorly understood, and their role in gastrointestinal disease is obscure. A major reason for this is the difficulty in typing these organisms by conventional techniques. Typing techniques that are commonly used to identify and classify S. hyodysentenae isolates, such as serological assays (based on lipopolysaccharide) (3, 28, 30) , have been used. However, even S. hyodysentenae isolates do not always fit into the typing scheme, and the outcome of the test may be difficult to interpret because certain isolates possess multiple lipopolysaccharide antigen specificities and therefore react with more than one typing serum (19) . Nonserological typing methods have also been used to type swine intestinal spirochetes. These methods are mainly based on enzymatic profiles of the organisms. Although these methods are of some use in discriminating between S. hyodysentenae and the apathogenic swine spirochete Serpulina innocens (1, 5, 23, 29) (8, 9) .
To investigate the relatedness between intestinal spirochetes of human and animal origin, we used restriction endonuclease analysis of chromosomal DNA combined with hybridization to three different DNA probes, derived from a 16S rDNA sequence, a flagellar gene (27) , and a hemolysin gene (33) of S. hyodysentenae. rDNA typing with a 16S rDNA probe has been used successfully in the characterization of a variety of bacterial species (2, 12, (16) (17) (18) 32) . Analysis of aligned 16S rRNA sequences has been used to investigate the relationship between representatives of a number of spirochetal species (34) . It showed that strains of S. hyodysentenae and S. innocens form a very tight cluster (e.g., 16S rRNA sequence identity of more than 99%) which is distantly related to the other spirochetes. Probes derived from the flagellin gene or hemolysin gene of S. hyodysenteriae may be useful in discriminating between pathogenic and apathogenic intestinal spirochetes, since these genes may be involved in the virulence of S. hyodysenteriae. The hemolysin probe has been used to discriminate between S. hyodysenteriae and S. innocens (33) , whereas with the flagellin probe, 10 different genotypes could be distinguished among 11 individual isolates of S. innocens (40) .
The spirochetes used in this study are listed in The results of the Southern blot hybridization experiments are shown in Fig. 2 . The photographs are composites of autoradiographs exposed for different periods because the probes hybridized more strongly to S. hyodysenteriae chromosomal DNA than to DNA from the other spirochetes. Sequences homologous to the hemolysin gene ( Fig. 2A ) and flagellin gene (Fig. 2B ) of S. hyodysenteriae were present in all the intestinal spirochetes tested (human, dog, rat, mouse, and chicken origin) but not in Brachyspyra aalborgi or Borrelia burgdorferi (this study) or in Treponema pallidum, Treponema phagedenis, or Spirochaeta aurantia (unpublished observations).
With the hemolysin probe and the flagellin probe, three related hybridization patterns were distinguished among the 10 human intestinal spirochetes and 5 dog isolates tested. These patterns did not occur among isolates from other host species. Likewise, three of four mouse isolates had an identical and unique hybridization pattern that was not found among the isolates from other host species. The banding patterns of isolates from rats were unique to this species. Two rat isolates had a number of bands in common. Apart from S. hyodysenteriae, the chicken isolate hybridized most strongly to the probes. The hybridization patterns obtained with the 16S rDNA probe confirmed these findings: isolates that showed similar or identical banding patterns with the flagellin or hemolysin probe gave similar or identical patterns with the 16S rDNA probe as well (Fig. 2C) The results of the present study indicate that the intestinal spirochetes of humans, dogs, rats, mice, and chickens are related to S. hyodysenteriae. However, their precise taxonomic positions are unclear, since their restriction endonuclease patterns and hybridization patterns differ considerably from those of type strains of S. hyodysenteniae. In addition, they do not resemble the patterns of S. innocens or any of the patterns observed at our laboratory for a large collection of swine spirochetes (40) . Perhaps the intestinal spirochetes from humans and various animal species represent different populations of bacteria or even different species.
Although the number of isolates from each host species examined in this study is small, our findings suggest that some intestinal spirochetes are host restricted. For 
